Path-finding can become an important bottleneck as both the size of the virtual environments and the number of agents navigating them increase. It is important to develop techniques that can be efficiently applied to any environment independently of its abstract representation. In this paper we present a hierarchical NavMesh representation to speed up path-finding. Hierarchical path-finding (HPA*) has been successfully applied to regular grids, but there is a need to extend the benefits of this method to polygonal navigation meshes. As opposed to regular grids, navigation meshes offer representations with higher accuracy regarding the underlying geometry, while containing a smaller number of cells. Therefore, we present a bottom-up method to create a hierarchical representation based on a multilevel k-way partitioning algorithm (MLkP), annotated with sub-paths that can be accessed online by our Hierarchical NavMesh Path-finding algorithm (HNA*). The algorithm benefits from searching in graphs with a much smaller number of cells, thus performing up to 7.7 times faster than traditional A* over the initial NavMesh. We present results of HNA* over a variety of scenarios and discuss the benefits of the algorithm together with areas for improvement.
In this paper we present a new hierarchical path-finding so- We also present an evaluation of the bottleneck that appears for cell . Bulitko et al [16] showed that the quality of paths can de- The first step is to build the framework for hierarchical searches 227 that is defined as a tree of graphs. We start to compute the polygons that share a border in the original mesh.
232
We define L max as the maximum number of levels for the 
260
The initial partitioning phase is performed using a multi- The procedure allows us to have partitions which ensure 284 high quality edge-cuts, where an edge-cut is defined as the num-285 ber of edges whose incident nodes belong to different partitions.
286
The partition is carried out using the METIS software pack- 
for e ← 1, numEdges(n) do m = neighbour(n, e) 6:
Partitions will contain the intra-edges for each pair of edges 
Hierarchical path-finding

357
The path-finding algorithm used to connect S and G is in- 
Extract intra-edges
392
For the given sequence of high level nodes {v 
Results
404
For the evaluation of our method we have used several mul- Table 1 : For each map in figure 6 , we show the number of triangles in the original geometry, and the number of nodes in the NavMesh depending on whether we use triangles or polygons. 2) to determine areas for improvement. number of A* searches to compute temporal intra-edges to con-461 nect S and G with the HNG.
Map
462
From our experimental results, we observed that replacing 
467
Therefore there is still room for improvement in this connection 468 step.
469
In the serpentine city scenario consisting of a NavMesh ample, the cost of HNA* would be much higher than simply 520 performing A* in the original NavMesh, since we are now com- In terms of path quality, there are some differences between 526 the paths found with A* over the NavMesh, and the ones ob- 
555
As we can observe, the results are on average very similar.
556
The maximum error found for L2 was 18.6% (µ = 20), 15.4%
557
(µ = 15), 13.8% (µ = 10) and 11.0% (µ = 5), and average would be hard to find the right parameters for a fair comparison.
611
Nevertheless we expect the benefits of HNA* to become more 
616
Therefore as the environment increases in size and complexity,
617
we expect HPA* to start suffering from this lack of balance.
618
We have demonstrated results with the A* algorithm, but 619 the architecture presented in this paper could also be used with 620 other variants of A*. Anonymous.
